Abstract
Introduction 19
Light-weight concrete composed of particles of plant origin and a mineral 20 binder is increasingly studied. This concrete appears to be an environmentally-21 Table 1 : Mineral composition of the cement used, obtained by X-ray diffraction.
Mineral
C 3 S C 2 S beta C 3 A cubic C 4 AF Calcite Gypsum Quartz Mass fraction (%) 56 that shavings were at their maximum random close packing (i.e., the ratio of 121 their bulk density ρ b to the density ρ of wood was considered equal to 33%
122
[2]), while the content of cement was added in such amounts that the concrete 123 kept a cavernous structure. We chose four cement-to-wood mass ratios c/a: as the total volume of the samples. and the used mixing process (i.e., we first mixed water and cement and then
143
we added gradually the aggregates). In the case of a potential exchange of 144 water during mixing, the volume fraction of cement paste should be modified 145 accordingly since it is the sum of the volume of the cement powder and of 146 the water available for hydration.
147 Table 2 : Quantities of materials used and calculated volume fractions of studied mixtures. c/a is the cement-to-wood mass ratio. We used a standard mixing machine to mix the constituents of concrete.
148
We first mixed cement and water. Then, we gradually introduced the wood aggregates. The total mixing time was 7 minutes. For each mixture, we pre- ranges from 4 to 10 mm). The samples were kept in sealed conditions and 153 demolded two days after casting. Then they were subjected to various stages 154 of storage conditions. Two series of samples were subjected to two differ- • C), which is closer to the conditions of use of the material.
160
We also prepared cubic samples, with dimensions of about 7x7x7 cm 3 ,
161
of cement paste with a water-to-cement mass ratio w/c = 0.5 and we kept corrections [19] :
where E 
267
We used the stress/strain curves of the compression tests to determine the 
Young's modulus

273
We performed compression tests on the first series of samples (i.e., the 274 one kept in sealed conditions), as described in section 2.1, at the age of 28, 62 275 and 104 days. (mass decreased by less than 3.5%) and higher after 8 days, as long as humid- Young's modulus of the concrete.
315
After the age of 28 days, two trends can be distinguished, as seen in which the micromechanical analysis will be performed.
361
The purpose of the localization is to identify the local strain and stress 362 fields resulting from a macroscopically imposed mechanical loading.
363
The homogenization step consists in determining the stiffness tensor of 364 21 the equivalent medium from the identified mechanical response (strain and 365 stress fields) of the REV to the imposed loading. This determination can be 366 done using only the average of these fields upon each phase (constituent).
367
We adopt this approach in the next section to derive our micromechanical 368 model. 
Derivation of the model
370
The concrete that we studied is characterized by randomly oriented ag- Due to the microstructure of the studied material, we chose to use the 388 self-consistent scheme. This scheme is indeed very well suited to the modeling 389 of granular materials for which no phase can be regarded as the matrix [23] .
390
Since the objective is to determine the elastic properties of the studied con-391 crete, we can consider only the linear elastic range of the constituents: the 392 mechanical behavior of cement paste, which is the binder, is isotropic; while 393 that of wood aggregate, being modeled by a spherical inclusion, can also 394 be considered isotropic. Thus, the behavior of the homogenized equivalent 395 medium is also isotropic linear elastic.
396
To make the approach easier, we transform the problem with two inclu-397 sions (i.e., a simple sphere and a 2-layer composite sphere) into two basic inclusion is the classic problem of the inclusion of Eshelby. [27] . The method of resolution used in the case of our material is explained 406 in Appendix A.
407
By combining the solutions of these two problems, we get the bulk mod-408 ulus k h of the homogenized medium:
and its the shear modulus µ h :
24 where: X i , S i and T i are constants determined using the boundary conditions
411
(see Appendix A), R i is the radius of the i phase (see Figure 8) , ν is the
412
Poisson's ratio, and α h and β h two parameters depending on k h and µ h [23].
413
The system of two implicit equations (3) and (4) with two unknowns k h 414 and µ h can be solved analytically using an algebraic computing tool. 
Calibration of the model with experimental results
416
The system of equations (3) and (4) 
The last parameters involved in the system to be solved are the elastic prop- Poisson's ratios of spruce wood in its three anisotropy directions (given in 468 Table 3 ). Although wood is a heterogeneous material, we can determine its 469 bulk modulus k based on the data of Young's moduli of the constituents of wood-aggregate concrete. We can 
525
The third assumption is the fact that we considered identical elastic prop- indicating that it remains reasonable in the conditions of the present study.
531
The amount of wood aggregates is probably so high that it influences in 532 identical way the cement pastes in the range of this work.
533
In conclusion of this discussion, we can confirm the validity of the de- 
Conclusion
544
In this work, we studied experimentally and theoretically the elastic prop- Figure 8 . This microstructural cell is embedded in an infinite elastic homo-690 geneous medium having the stiffness tensor C h , and subjected to an auxiliary 691 uniform strain tensor E ∞ at infinity.
692
To solve the problem easily, we first consider a spherical macroscopic 
